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I INTRODUCTION
The shift in demand away from unskilled and towards skilled labour appears to be widely accepted as a cause for the increase in wage inequality across developed countries (Atkinson, 1997) . This process raises wages for skilled labour more than wages for unskilled labour, thus leading to a widening gap between these two groups. Various explanations for this shift have been presented in the literature, which focuses particularly on international trade and technological change as reasons for the observed development (Burtless, 1995; Richardson, 1995; Johnson, 1997) .
The increase in North-South trade, i.e., the exchange of goods between developed and developing countries represents one possible link between trade and wage inequality (Wood, 1994; Borjas and Ramey, 1994) . Developing countries export goods which are intensive in unskilled labour to developed countries, which leads to a decline of the price of imports and import-competing goods in developed countries. In turn, this results in a decline of wages for unskilled labour in import-competing industries. This process, therefore, leads to a rise in wage inequality in developed countries.
Another strand of literature stresses the impact of the introduction of new technologies, which require skilled labour, on wage inequality (Berman et al., 1994; Machin et al., 1996) . Technological change raises the wage rate via increases in the demand for skilled labour, while wages for unskilled labour fall as a consequence of a decrease in the demand for unskilled labour, thus leading to a rise in wage inequality.
Not least in small open economies, the technology-and trade-effects are likely to go hand in hand: free trade with developed countries will lead to the introduction of new technologies in the economy, which, in turn, may lead to increasing demand for skilled labour relative to unskilled labour. However, trade is not the only channel through which new technologies can be introduced externally into an economy. Inter alia, foreign direct investment and multinational companies (MNCs) are also seen as a major source for introducing technological change in host countries through technology transfers to indigenous firms (Wang and Blomström, 1992) .
In this paper, we assume that multinationals play a major role in introducing new technologies and we study the subsequent effect on wage inequality in the host country, using Ireland as a case study. 1 We conduct an econometric study using data for the Irish manufacturing sector, where multinational companies have played a very significant role in terms of employment over the last two decades (Barry and Bradley, 1997; Ruane and Görg, 1997) . Our results indicate that there is an inverted-U shape relationship between wage inequality and the presence of multinationals. With increasing presence of MNCs, inequality first increases, reaches a maximum and decreases eventually.
The remainder of the paper is structured as follows. In Section 2, we present a model formalising the effects of MNCs on wage inequality, which follows closely a model proposed by Aghion and Howitt (1998) . Section 3 introduces the econometric model, discusses the data used for our analysis and presents some descriptive data pertaining to wage inequality and multinational 1 Note that we concentrate on the issue of wage inequality and do not analyse the demand for labour or the determinants of wage rates in manufacturing per se. Kearney (1997) describes aggregate changes in labour demand in Irish manufacturing and Kearney (1998) and Boyle and Sloane (1982) estimate long-run demand functions for skilled and unskilled labour, and wage-earners and salariedearners respectively. Also, we are only concerned with wage inequality, i.e., inequality amongst different wage groups unlike Lane (1998) who discusses changes in the functional distribution, i.e., the evolution of wage and profit shares in Ireland. companies in Ireland. Section 4 presents our econometric results while Section 5 draws some conclusions and highlights the need for further research.
II A MODEL OF MULTINATIONALS AND WAGE INEQUALITY
The model which links the presence of multinational companies and wage inequality in the host country is based on the endogenous growth model developed by Aghion and Howitt (1998, Chapter 8) . They discuss the effects of social learning on economic growth, and the effect of differences in workers' skill levels on aggregate output and wages in the economy. We present their model here, re-interpreting it in terms of the effect of multinational companies on the availability of new technologies in the economy. Essentially, we view multinationals as vehicles for introducing new technologies in the host economy and as "role models" for indigenous firms; indigenous firms learn by imitating the more advanced production technologies used in multinationals.
As in Aghion and Howitt (1998) , we assume the following production with it. While doing so they still produce output using the old technology, but they also employ a number of researchers who attempt to discover such a template, in particular through imitating firms that already use the new technology. The share of firms in stage 1 is denoted as n 1 . 3 Initially, the firms which are imitated are multinational companies present in the economy; they act as "role models" because they have access to a higher standard of technology than indigenous firms. Therefore, there are two ways in which MNCs impact on the economy. First, through the introduction of a new technology into the economy and second as "role models" which indigenous firms try to imitate in order to be able to use the new technology.
In stage 2, firms use the newly acquired template to work out how to implement the new technology and they produce the final output through the application of the new technology. The share of firms in that stage is denoted by
As derived in Aghion and Howitt the number of firms in stage 1 at any time is
The fact that multinational companies have access to a superior level of technology reflects the existence of ownership-advantages or firm-specific assets which allow MNCs to compete successfully abroad (see Caves, 1996 and Dunning, 1988) .
where 1 1 2 − − n n denotes the share of firms that are in neither stage 1 nor stage 2, i.e., which are only producing output using the old technology. The size of n 1 depends on the probability that a firm makes the discovery of a template on its own, λ 0 , and on the probability that it learns through imitation, β, which depends on a number k of similar firms in the same stage 1 and on the number of firms already in stage 2. In turn, k and n 2 depend positively on the number of multinational companies present in the economy because they represent the prime target for imitation.
The number of firms in stage 2 depends positively on the number of firms in stage 1, subject to a rate of probability that a firm is able to implement the new technology, i.e., n 2 = λ 1 n 1
As Fig. 1 demonstrates, the number of firms in stage 1 increases steadily up to a maximum, and decreases afterwards due to the flow of firms into the more advanced stage 2. This, in turn, implies that the number of firms in stage 2 increases first slowly, then very rapidly as firms in stage 1 are successful in implementing the new technology. Finally, the curve flattens out so that by the end of the adjustment process all firms have made the jump into stage 2 and are using the new technology for production purposes.
One assumption made by Aghion and Howitt is that producing with the old technology requires only unskilled labour. Firms in stage 1 need a fraction of skilled labour s to carry out the research necessary for the discovery of the template, while unskilled workers still produce output using the old technology.
Firms in stage 2, which successfully implement the new technology, require only skilled labour for production with the new technology. The skilled labour force increases over time due to schooling and training.
At the beginning of stage 1, following the introduction of the new technology, only a few firms actually attempt to implement it. This implies that the demand for skilled labour is very low, and skilled and unskilled labour are paid the same wage. Later on, however, demand for skilled labour increases steeply, leading to labour-market segmentation in which skilled labour is paid a higher wage. Aghion and Howitt (1998) show that in the segmented labour market demand for unskilled workers is:
where w s and w u denote the wage rates for skilled and unskilled workers respectively, Y is aggregate final output, and γ is the technology parameter.
Note that x denotes labour demand as well as intermediate inputs produced since labour is assumed to be the only factor of production for intermediate inputs and is used exclusively in the production of intermediate inputs, rather than in the production of final output.
Since the labour force is divided into two categories, there are two labour market clearing conditions, one for skilled and one for unskilled workers respectively, 
for skilled workers and
for unskilled workers, where w w u s < and w u tends towards zero if L s increases.
As more and more firms move into stages 1 and 2, demand for unskilled labour falls. Eventually, when all firms move into stage 2, i.e., n 2 1 = , the wage rate w u = 0 and there will be only one wage rate w s prevailing in the economy. The evolution of wages is shown in Fig. 2 . There is a point at which the labour market becomes segmented; the wage for skilled workers increases and the wage for unskilled workers falls towards zero.
What then are the implications of such a development for wage inequality in the economy? Arguably, the described adjustment process leads to an inverted-U shape development of wage inequality with respect to the presence of multinationals. In the early stages of the presence of multinationals wage inequality increases because indigenous firms learn by imitating multinationals, move into stages 1 and 2, and demand more skilled labour. The higher the number of multinationals present in the economy, the faster the speed of adjustment will be. Following an adjustment period, wage inequality decreases with more MNCs present in the economy since all firms move into stages 1 and 2 and demand for unskilled labour falls towards zero. Eventually, only skilled labour will be employed when all firms are in stage 2.
This pattern is similar to the Kuznets curve relating income inequality to the level of GDP (Kuznets, 1955) . Kuznets considered a dual economy with two income groups, viz., owners of capital and workers and argued that GDP growth led to first rising and then falling inequality between these two groups.
While the variables considered in our paper are different, the driving mechanism may be considered quite similar. In both cases the development process leads to a change in inequality in a dual economy. According to the Kuznets hypothesis, economic growth makes it more profitable for owners of capital to invest and increases their incomes relative to wages while in the model we adopt, technological change increases demand for highly skilled workers and increases their wages relative to unskilled workers.
III METHODOLOGY AND DATA
We attempt to establish whether there exists any empirical support for the The choice of 1979 as a starting point for this analysis is due to data constraints; 1979 is the first year for which the wage data used in this study were available. While there were MNCs in Ireland before 1979 the period analysed may, nevertheless, be considered to be the most relevant for our study as multinationals in the early 1970s and before were predominantly UK-owned firms in traditional sectors. Only in the late 1970s / early 1980s did this pattern change and the most important group of MNCs are now US-owned companies in high-tech industries which may be assumed to play a major role in introducing new technologies in Ireland (see Ruane and Görg, 1997) .
inequality between sectors, calculated by the Gini coefficient, resembles an inverted-U shape (Fig. 3) . 6 This observation represents the starting point of our econometric analysis. In this paper, however, we analyse the impact of foreign firms on wage inequality by examining the development of inequality in wages for skilled and unskilled labour within the same manufacturing sector.
Wage Inequality Between Sectors
Further analysis of inequality between sectors would be of interest; the figures in Table 1 indicate that the importance of foreign firms is not the same in each sector and, since their presence is mainly concentrated within the high-tech
sectors, we expect that the innovative processes introduced by MNCs affect sectors differently. Labour productivity and average wages are likely to increase relatively faster in high-tech skilled labour intensive sectors, thus implying an increase in wage inequality between manufacturing sectors. Eventually, due to technology spillovers across sectors, wage inequality between sectors would be expected to diminish. Inequality should therefore increase in the initial stages of MNCs presence and decrease thereafter; Fig. 3 confirms this pattern. Wage inequality increased up to 1987 and decreased thereafter. Unfortunately, a thorough statistical analysis of wage inequality between sectors is troublesome because of (i) the small size of the sample -only 17 observations are available;
(ii) the unavailability of the whole distribution of wages in each sector -only average wages are accounted for, and (iii) the discrepancy with the theory, which is more concerned with wage inequality between skilled and unskilled labour within the same sector.
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A firm is classified as being foreign-owned if 50 per cent or more of its capital is owned by foreign shareholders (Forfás, 1996) . 6 The Gini coefficient measures inequality between wages in different manufacturing sectors as it is computed using average wages by sector. A similar pattern appears when alternative measures of inequality are used.
Wage Inequality Within Sectors
While an analysis of wage inequality between sectors can provide some preliminary indications of the relationship between MNCs and wage inequality, the theory described above suggests that, within each sector, MNCs and indigenous firms would cohabit, the former bringing new technologies (increasing demand for skilled labour), the latter using old technologies (using unskilled labour), imitating and eventually moving to new technologies and increasing demand for skilled labour too. Therefore, the theory would lead us to expect an inverted-U shape when wage inequality between skilled and unskilled labour within the same sector is measured.
To analyse this, we calculate the wage gap between white-collar and bluecollar workers using average wages w w and w b respectively in each sector:
The Census of Industrial Production includes wages for industrial workers and administrative & technical staff by sector which, following Kearney (1997, 1998) , we take as proxies for blue-collar and white-collar workers respectively. While this distinction between "production" and "non-production" workers does not completely overlap with the distinction between "skilled" and "unskilled" workers, several recent studies show that there is a very high correlation between them (Berman et al., 1994; Machin et al., 1996) . Therefore, the first distinction is widely accepted as a proxy for the second, not least because the former is the one generally identified in the annual censuses in most countries. 7 7
The Census of Industrial Production also includes a third category of workers, namely clerical workers which, as Kearney (1997) shows, is the most dynamic category. She shows that clerical employment has undergone considerable structural changes and accounted for 9 per cent of total employment and 8 per cent of the wage share in 1979, compared to 11 per cent and 12 per cent in 1989 respectively. Kearney argues that the introduction of computer technologies has changed the The data in Table 2 show that over the period 1979-1995 the ratio of white-collar to blue-collar workers in total manufacturing has increased, which may illustrate a shift towards more skilled labour in Irish manufacturing industries. The figures also indicate that the size of the ratio differs considerably across manufacturing sectors. 8 Table 3 shows that the wage gap between whitecollar and blue-collar workers has increased from around 43 per cent to 47 per cent between 1979 to 1995. Again, this masks different developments across sectors; for example, the wage gap in the Office Machinery sector, which includes the high-tech computer manufacturers, decreased while the gap in the Food, Drink, Tobacco sector increased over the period.
To analyse the development of the wage gap in more detail, we carry out a cross-sectional time-series analysis of manufacturing sectors. We estimate the econometric model:
where INEQ is measured as in (8) is the square of FOREIGN i,t to allow for the inverted-U shape.
We assume that blue-collar workers are initially unskilled while whitecollar workers are skilled. However, this changes over time as new technologies are introduced and blue-collar workers become more skilled in order to be able skill-intensity of clerical workers, from being more akin to unskilled labour to being more similar to skilled labour. Given this ambiguity, we do not include this group in our analysis. However, earlier results (available from the authors upon request) indicate that the inclusion of clerical workers as skilled labour do not change the analysis significantly.
to work with the new technology. The acquisition of skills should be thought of as a process of "learning-by-doing" rather than formal (third-level) education.
Therefore, we postulate that the group of blue-collar workers evolves over time from being "unskilled" to being "skilled". This implies that, initially, wage inequality between unskilled blue-collar and skilled white-collar workers will increase but, as blue-collar workers become more skilled, the wage gap reduces and inequality gradually decreases.
This assumption can be partially supported by the theory. 9 MNCs investing in a sector first require skilled labour that is mainly used in white-collar jobs. Due to a better educated workforce and new technologies, we expect an increase in skills and productivity also for blue-collar industrial workers. This process would lead to an increase, and eventually a decrease, in the wage gap within each sector. Hence, we expect the signs of the estimated coefficients to be positive for FOREIGN and negative for FOREIGN 2 .
We include three variables to control for other effects on wage inequality.
Since, as argued above, imports from labour intensive countries can also be expected to increase inequality we include a variable IMPORT t-1 representing total imports from developing countries (defined as imports from countries other than EU, EFTA, NAFTA, APEC, or other OECD countries) as a percentage of GDP, for which we would expect a positive sign in the estimation. The import data are taken from the Trade Statistics published by the Central Statistics
Office. 9 This process of "skill improvement" is also validated by the analysis of wages and numbers of clerical workers in Kearney (1997) . As pointed out above, she finds that the introduction of computer technologies have changed the skill-intensity of clerical workers. It may be argued that such a process of "skill-improvement" may have also taken place in the case of industrial workers.
EDU t-1 and GDPG t-1 comprise respectively the enrolment ratio in third-level education and the per capita growth rate of the economy in the previous year. 10 These two variables have been introduced to control for changes in the supply and demand of skilled labour. We can argue that, from equations (6) and (7), the higher the growth rate in the economy the faster the increase in n 2 (since growth stems mainly from high-tech sectors) and the higher the demand for skilled labour, thus generating excess demand in the segmented labour market.
Wages for skilled labour would increase (see equation 6), thereby increasing the wage gap. The sign of GDPG t-1 is expected to be positive. On the other hand, the higher the enrolment ratio in third-level education, the higher the supply of skilled labour (L S increases in equation 6), which reduces inequality by raising the supply of skilled labour and decreasing the supply of unskilled labour; therefore the expected sign of EDU t-1 is negative.
For education, we construct a ratio of the number of third level students as a percentage of the total population, data for which are extracted from various issues of the UN Statistical Yearbook. For GDP per capita growth we calculate the difference, in natural logs, between Irish GDP per capita in subsequent years, using data from the Penn World Tables, Mark 5.6 (Summers and Heston, 1991) . The three control variables are lagged for one year. Table 4 shows some summary statistics for these variables.
IV ECONOMETRIC RESULTS
Wage inequality within each sector, measured as the percentage gap between the wage of administrative & technical workers and the wage paid to industrial workers, is expected to increase in the early stages of development and to diminish thereafter, due to the increase in productivity and the wider use 10 Note that third-level education includes training of technicians as well as graduates.
-14 -of skilled workers. Our proposition is that MNCs introduce new technologies into each sector, thus demanding more highly skilled and productive labour. To examine this issue we use data for 17 manufacturing sectors (NACE two digit) pooled over the period 1979 to 1995. Table 5 presents the results for the pooled regression. In Column 1 we report the results for our initial pooled regression assuming constant coefficients for all sectors. The estimated coefficients support the expectation of an inverted-U shape, the sign for the coefficient of the variable FOREIGN is positive while the coefficient of FOREIGN 2 is negative. This indicates that, as suggested in the theory, an increase in the share of MNCs leads initially to an increase in wage inequality between white-collar and blue-collar workers. This inequality, however, reaches a maximum after which any further increase in the presence of multinationals leads to a decline in wage inequality within sectors.
Inspection of the other variables in the estimations shows that the coefficient for the import variable has a positive and statistically significant sign.
As expected, imports from developing countries, which can be assumed to be labour intensive, lead to an increase in wage inequality between skilled and unskilled labour in the economy. Surprisingly, we find a positive and statistically significant coefficient also for the education variable, suggesting that an increase in the ratio of third-level students to total population increases wage inequality. As pointed out above, our expectation was to find a negative relationship between third-level education and inequality, as a higher enrolment ratio leads to an increase in the supply of skilled labour. The coefficient for the growth variable turns out to be insignificant, i.e., controlling for other effects, growth of GDP per capita does not seem to affect wage inequality.
When combining time-series and cross-sectional data, and assuming constant coefficients over sectors, it appears reasonable to assume that the error terms are heteroskedastic in the cross-sectional observations while they are autoregressive in the time-series observations. Column 2 of Table 5 presents the results for the estimation of equation (9) under these assumptions (first order autoregression) as suggested by Kmenta (1986) . The only difference as compared with the results in Column 1 is the coefficient of IMPORT, which turns out to be statistically insignificant in this specification. Most importantly, the coefficients for FOREIGN and FOREIGN 2 are similar to the previous estimation in their signs, magnitude, and significance levels.
In another step we assume that, instead of imposing constant coefficients over the sectors, the intercept term is allowed to be different for each sector, capturing sector-specific time-invariant effects. Such a model can be estimated using fixed effects (FE) or random effects (RE) techniques (Baltagi, 1995) . In the former case, the sector specific effect is assumed to be an estimable fixed parameter, whereas the latter specification assumes the effect to be random. The results for both specifications are reported in Column 3 (RE) and Column 4 (FE) of In Table 6 we report results for alternative regressions which did not include the FOREIGN 2 term. The estimation procedures were identical to the ones in Columns 1 to 4 in Table 5 . The overall statistical insignificance of all the equations indicates that the inclusion of the squared term is vital for these estimations.
V DISCUSSION AND CONCLUSIONS
In this paper we presented an econometric model estimating an inverted-U shape in within sector wage inequality with respect to the presence of MNCs in Ireland. The main idea is related to the Kuznets hypothesis that the development process implies first an increase and then a decrease in inequality. Different models, in both the growth and inequality literature, provide an explanation for the inverted-U shape; in this paper, we assume that MNCs through the introduction of new technologies impact on wage inequality in the host country.
To formalise this idea we presented a model developed by Aghion and Howitt (1998) which we re-interpreted in terms of the effect of multinationals on the level of technology in the economy.
Our empirical results for the Irish manufacturing sector between 1979 and 1995 suggest that there is an inverted-U shape in wage inequality. In our econometric analysis we use pooled data for wage gaps between industrial workers (our proxy for unskilled workers) and administrative & technical staff (our proxy for skilled workers) within the same manufacturing sector and we find that the presence of MNCs has the effect of first increasing, and then decreasing, wage gaps between the two groups. This is due to the introduction of new technologies through MNCs, which increases the demand for skilled labour, leading to rising wage inequality between skilled and unskilled workers.
Over time, indigenous firms learn the new technology by imitating MNCs, and previously unskilled workers become skilled through working with the new technology. This, subsequently, leads to a decrease in wage inequality.
Our findings are in line with recent studies analysing the demand for labour, such as Boyle and McCormack (1998) and Kearney (1997 Kearney ( , 1998 .
These empirical studies for a number of OECD countries and Ireland, respectively, find inter alia, that labour is becoming more skill-intensive over time and that technical progress is biased against unskilled labour. According to the model presented herein, this is the development one would expect in an economy which is subject to the influx of new technologies.
More evidence is needed to support the findings of this paper. In particular, more precise data about the distribution of wages in each sector, and the ratio of skilled to unskilled workers in MNCs and indigenous companies are needed to validate the robustness of the results. In particular, we need to -18 -investigate further the effects of education and growth on wage inequality. Why is it that, in our estimations, education seems to increase wage inequality, while GDP growth does not appear to have any significant effect? Furthermore, a comparison of our results with similar studies in other countries experiencing a consistent influx of foreign direct investment would be useful in order to assess whether Ireland stands as an isolated case, or whether our results are supportive of much wider evidence as to how MNCs impact on the host country. Sector 1979 Sector 1983 Sector 1987 Sector 1989 Sector 1991 Sector 1993 Sector 1994 Sector 1995 1979 1983 1987 1991 1993 1994 1995 
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